the limbs, especially of the hind limbs, followed by convulsive seizures. These in turn are succeeded by coma.
In 1897, J. J. Schmidt, a Danish veterinary practitioner, made the remarkable discovery that injection of fluids into the mamma effected prompt and complete cure. Mammary injection bas to-day been replaced by inflation of the mamma, and as a result of this treatment the mortality has been reduced from 60 or 70% to less than 1%, but the action of mammary inflation in bringing about this remarkable result was, in its turn, quite obscure.
In 1924, Dr. H. Dryerre and I undertook the investigation of milk fever, and, after a study of all the available evidence, formulated the following working hypothesis (1) The nature of milk fever may be understood as a parathyroid deficiency, resulting in the accumulation of toxic substances such as guanidine, and a fall in blood-calcium, the fall in calcium being further accentuated by lactation.
(2) The curative effect of mammary inflation is due, we supposed, to either (a) the stimulation of adrenal secretion and the consequent oxidation of toxins, or (b) the increased intramammary pressure causing a retardation of the formation of milk and consequent prevention of further transference of calcium from the blood to the milk.
(3) We further suggested that the well-known preventive value of a restricted withdrawal of milk from the udder after calving is probably due to this procedure, conserving the concentration of calcium in the blood.
If our conception of the nature of the disease was correct, then it followed that the blood-calcium in milk fever should be below normal. Analyses of seven samples of blood from as many cases of milk fever showed an average of 4*8 mgm. calcium per cent. serum: a marked reduction when compared with the normal-9 mgm. to 11 mgm. per-cent.
While our subsequent work has amply confirmed our original view that acute calcium deficiency was an important factor in the production of the disease, there is now reason to doubt that the accumulation of guanidine bases plays an important part in its causation.
Again, our original view that mammary inflation possibly stimulated the secretion of adrenalin may now be abandoned in view of the carefully conducted experiments of Auger, who was unable to note any rise in blood-pressure following inflation of the udder. JUNE-COMP. MED. 1 Later in 1925, Little and Wright published the results of investigations carried out by them, and showed that the blood-calcium content of twelve cows suffering from milk fever was markedly low; that the degree of the fall in calcium concentration corresponded with the severity of the case, and that after recovery the calcium had again reached the normal range. Sjollema, Fish, Soderland and others have confirmed the association of acute hypocalcemia with the disease.
From our subsequent work, we are now of opinion that acute calcium deficiency is not a mere concomitant of the disease, but represents its essential pathology, and that the curative action of inflation of the mamma is due to its restoring the bloodcalcium to normal. These conclusions are based on the following considerations:
(1) Milk fever is invariably associated with an acute hypocalcasmia. (Approximately 100 cases examined.) (2) The more severe cases correspond with the lower calcium values.
(3) The fall in calcium is approximately coincident with the appearance of the symptoms. (4) Tetany is a symptom in severe cases of milk fever and the occurrenne of tetany is recognized as consequent upon pronounced hypocalcamia. (5) Mammary inflation raises the level of blood-calcium in a normal lactating animal. (6) Mammary inflation elicits a marked rise in the level of blood-calcium in milk fever and cures the disease; the process of cure, as manifested in the disappearance of the symptoms, corresponds with the rise of the blood-calcium. (7) Injection of calcium, exclusive of other treatment, raises the blood-calcium concentration and cures the disease. (8) Milk fever in cows, lambing sickness in ewes, and transit tetany in mares are all rapidly cured by mammary inflation and these are the only conditions in an examination of over 500 samples of blood in which an acute hypocalcaemia has been found.
We have no definite information to offer upon the cause of the calcium deficiency. It is known that colostrum is very rich in calcium, and the calcium lost in a single daily lactation is much more than that which exists in the blood at any given time. During lactation there must therefore be a very rapid mobilization of calcium from the skeletal deposits, and unless the parathyroid be active, this mobilization cannot be accomplished.
Nor do we definitely know the action of mammary inflation in restoring the calcium level. As indicated, it may be due to the increased intramammary pressure preventing further transference of calcium from the blood to the milk. It is also conceivable that the mammary distension squeezes back into the blood the calcium concentrated in the gland acini.
Lambing sickness, a disease in parturient ewes, has long been suspected of being allied in its pathology to milk fever, but since the pathology of milk fever was unknown, such possible relationship could only be conjectured. On its becoming clear that in milk fever we were dealing with a hypocalcaemia, we turned attention to the concentration of blood-calcium in lambing sickness and found, in a limited number of cases, that a, similar condition was present in lambing sickness to that which obtailqed in milk fever (confirmed by Sjollema). It has also been found by Montgomery, Savage and Dodds that the disease in mares known as transit tetany is associated with a low blood-calcium. In both lambing sickness and transit tetany, inflation of the mammae or injection of calcium appears to be equally effective.
Bosworth and Glover reported the result of treatment of seven-cases of lambing sickness with calcium gluconate (20 gramme doses). They failed to obtain any curative response. These findings did not correspond with our experience, and Sjollema reports the results in 40 cases of lambing sickness treated by intravenous injection of calcium chloride. Of these 40 cases, 34 recovered promptly and completely within a few minutes after the injection. In some of the 6 cases in which the animals died, the injection of calcium was followed by immediate recovery, but death occurred during the night, presumably during a relapse. was 10*6%, but this case also showed-a high protein nitrogen, and was presumably "pregnancy-toxtemia."
In 1929 I pointed out that this disease, "pregnancy-toxoemia," was commonly confused with lambing sickness, but can be distinguished from it on the grounds that in " pregnancy-toxcemia " the blood calcium values are normal, and Sjollema suggests that those cases in which calcium injection does not effect cure, probably represent some condition other than lambing sickness. Sjollema's figures for calcium in lambing sickness correspond with our own. He also finds that inorganic phosphate tends to fall, while the magnesium tends to rise. These findings correspond to his findings in milk fever in the cow.
There is now strong evidence that milk fever in the cow and lambing sickness in ewes represent the same disease.
Conditions clinically resembling milk fever in the cow and lambing sickness in the ewe are also met with in the parturient goat, the sow and the bitch. We have not had an opportunity of determining the calcium concentration in these conditions, but because of their clinical resemblance to milk fever, and because of their immediate response to both mammary inflation and calcium injection, it is reasonable to assume that they represent parturient hypocalcaemia in these animals.
Since, then, we have evidence that an acute parturient hypocalcaemia occurs in practically all the domestic animals, and since this condition represents a metabolic upset, as distinct from a specific infective disease, it is a reasonable assumption that a similar condition may occur in woman. I had long supposed that milk fever in cows might be closely related to eclampsia in woman and was anxious to see mammary inflation applied in eclampsia. I was fortunate in this respect in enlisting the interest of Dr. Francis Brown, then of the Simpson Maternity Hospital in Edinburgh, now Professor of Obstetric Medicine in the University of London, but tbough inflation of the breasts was applied in severe cases of eclampsia, no curative effect was elicited.
I understand that the results of calcium therapy in eclampsia in woman have been irregular. Actually, the blood chemistry of eclampsia and milk fever present some striking dissimilarities. A very interesting case is reported in the British Medical Journal, 1931, i, 395, by Dr. J. G. Kinninmonth. The case was that of a toxeemia of an unusual kind, arising during the puerperium. The symptoms bore close resemblance clinically to those of milk fever, and Professor Oldfield, of Leeds, suggested to Dr. Kinninmonth that mammary inflation should be tried. This was carried out with a sterile Higginson syringe, attached to an exploring needle, which was thrust well into the breast substance; the nipples were tied off with tape. (A similar procedure is adopted in the case of the bitch, an animal whose mammary gland anatomically resembles that of woman.) Following this treatment, the patient made a prompt and complete recovery. It is unfortunate that no calcium analysis was carried out in this case, but in view of the rapid recovery which followed mammary inflation, it is reasonable to believe that this procedure produced a specific effect. Dr. Kinninmonth suggests that it is unlikely that this case is unique. Some of the cases described in hospital reports as " coma without fits " he says are probably really cases of milk fever.
Althoughi it now seems unlikely that eclampsia in woman is closely allied to milk fever in the cow, the possible relationship of eclampsia to a condition in the ewe known as pregnancy-toxEemia is, we think, worthy of comparative study, and the biochemical features of this disease will be discussed by Dr. Dryerre.
Professor H. Dryerre said that as milk fever in the cow was invariably accompanied by a deficiency in the blood-calcium, and as the relief of this deficiency cured the condition, investigations were Dow proceeding to see if the incidence of the disease could be prevented. It was common knowledge that once a cow had suffered from milk fever, it was liable to attack at subsequent parturitions. He referred to one case of a cow which had contracted milk fever at each of its five previous calvings. On each of the four days preceding its next calving it received a dose of vetostelin, and the blood-calcium rose from a pre-treatment level of 10x5 mgm. to 12-5 mgm. on the first day after treatment, falling to 11-3 mgm. on the day before parturition. The cow calved uneventfully, and the blood-calcium on the four succeeding days was 7*3 mgm., 11-5 mgm., 10 6 mgm. and 10 6 mgm. respectively, per 100 c.c. serum. Whilst this case was suggestive, it would require many more similar observations before conclusions could be drawn.
A condition in ewes, known as pregnancy-toxammia, might, he thought, be a profitable one for discussion, owing to its similarity in some respects to eclampsia. This condition was frequently confused with lambing sickness. The latter usually affected the ewe after the birth of the lamb, but pregnancy-toxLemia always occurred before parturition. Since it had been pointed out by Greig that in lambing sickness there was a deficiency in the blood-calcium, and that the condition was relieved by udder inflation or calcium therapy, this treatment had been adopted. Several failures had been reported, and he, the speaker, was convinced that these had been due to faulty diagnosis. In every case of pregnancy-toxaemia which he had examined, the blood-calcium was normal. Significant differences had, however, been found in the non-protein nitrogen and the plasma proteins, which were increased as compared with the normal; whereas the magnesium and the inorganic phosphorus were diminished. Although the symptoms in many respects resembled those seen in eclampsia, the blood-picture was different In both diseases the blood-calcium was normal, and in eclampsia also the non-protein nitrogen might not necessarily be increased. In eclampsia, however, it had been shown by Ivanyi, Rodecort and Lingenmeier that there was an increase in the blood-phosphorus, whereas in pregnancy-toxEemia of ewes this constituent was diminished.
Professor E. C. Dodds: I should like to question two points: (1) How easily can animals of the horse and cow type be made to suffer from tetany? Our observations on Welsh mountain ponies showed that very severe tetany might develop through fright and hyperpncea. (2) There does not appear to me to be any connection between milk fever in animals and eclampsia in women. The essential differences are the morbid histological appearances of the liver, kidneys, etc., in eclampsia, and also the fact that the blood-pressure is always markedly increased.
Mr.W. L. Little: Considerable interest has been taken in this condition since 1925 when, in conjunction with Dr. N. C. Wright, I reported that cows with milk fever showed a decided drop in their serum calcium. Since then a similar condition has been described in ewes and mares. As occasionally goats are attacked at the time of kidding with a similar condition to milk fever, they would probably show a hypocalcaemia during the attack. The cause of this hypocalcaemia is still debatable.
In cows this condition is known as milk fever, an unfortunate name, for in uncomplicated cases the temperature is normal or more often sub-normal; probably the name was given before thermometers were in general use, but it shows that the disease was thought to be associated with milk production. Cows are affected at or about the time of calving, and those giving a high yield of milk are the ones generally attacked, and it is unusual for a cow to be attacked before having her third calf, i.e., when her milk yield is generally at its height. In this country a large number of animals are fed from the time of weaning upon a diet which contains barely sufficient lime for their needs. This is not very remarkable when one considers that on some untreated pastures the herbage is found to contain only 51 lb. of lime per acre, whereas when limed the amount can be increased to 112i lb. per acre.
Heifers are often put to the bull before being full-grown; they therefore need lime for their own skeleton and also for that of their calf, and after calving a large quantity is required for the milk produced. The production of half a gallon of colostrum in a cow weighing 1,200 lb. would deplete her entire blood of calcium were there no reserve to be called upon, and it is not unusual for a cow after giving birth to her third calf to give 3 to 4 gallons of milk a day. There is therefore a great demand for lime by a cow which gives birth to a calf every year and gives each year 600 to 1,000 gallons of milk.
If during the first three years in the dairy a cow's diet does not contain a sufficient amount of lime, it is reasonable to suppose that her readily available reserves of this element will be by that time very low, and her metabolism would not be able to cope with the sudden great demand following the act of calving. In this connection there is a point which in my opinion has not received sufficient attention-it is the action of an excess of phosphates in the diet. It is accepted by some workers that if phosphates are given to an animal in a state of latent tetany (and it is probable that a number of cows are in this state), it will go into tetany. It is also stated that an excess of phosphates interferes with the assimilation of calcium. In this country the diet of most cows is fairly rich in phosphates.
Superphosphate manures are largely used, grasses and mangolds are rich in phosphates, so also are most cereals and cakes. There is reason to believe that the phosphate content is high and the calcium low. Does this excess of phosphates interfere with the assimilation of calcium ?
Two cases have recently come to my notice which are of interest here. A farmer noticed that when his dry cows were grazed on a certain meadow they very frequently developed milk fever after calving, but did not so frequently when grazed on other land. An analysis of the herbage of the suspected meadow taken during June showed 0 933% of lime and 0 550% phosphates; the percentage of lime is about normal, but that of the phosphates is high. On another farm, the land of which was deficient in lime, the cows were rather liberally fed with fish meal which has a high phosphate content, their serum calcium under ordinary conditions was, on an average, 7 * 32 mgm.% and a large number of milk fever cases occurred every year; after the fish meal was stopped the milk fever cases were reduced to almost nil and the serum calcium of the cows was found under ordinary conditions to be normal, 9 to 10 mgm. %. It is well known that on some farms milk fever is prevalent and on others it is never found.
Another thing which must interfere with the assimilation of calcium by cows is the way so many are treated during the winter months. In this country we are not overblessed with sunlight, and cows are often not allowed to benefit by the little we have, being housed in poorly lighted sheds for months at a time. The supply of green food during this time is also often limited. In this connection it is worthy to note that a large number of cases of milk fever are met with in the spring, although the fact that spring grass is a great milk stimulant must also be taken into account; perhaps all these factors have their influence. The serum calcium of cows shows a slight drop at the time of calving; dry cows usually have a serum calcium above 10 mgm.%; at the time of calving it may drop to 8 -5 mgm.% and then rise to between 9 and 10 mgm.%, remaining fairly constant during lactation. It was thought that if this drop could by some means be conitrolled it might show a way to prevent milk fever.
The following methods have been tried: (1) Dosing with calcium salts before calving.
(2) Dosing with calcium salts after calving. (3) Injection of "paroidin." (4) Irradiation with ultra-violet light. (5) Feeding cod-liver oil before calving. (6) Feeding cod-liver oil and calcium salts before calving. (7) Subcutaneous injection of calcium salts just after calving. Sufficient work in this connection has not been done to draw any definite conclusions; the best results were obtained by feeding cod-liver-oil and calcium salts. The subcutaneous injection of calcium salts may ward off an attack of milk fever.
It seems that if we are definitely to prevent milk fever in cows they must be fed and treated in a rational manner throughout their life; it cannot be prevented by a few days' or months' treatment before the act of calving.
Post-mortem appearances.-Very little has been written upon this aspect of the subject, probably because nowadays the percentage of deaths is low and most of the deaths are from septic pneumonia and not milk fever proper.
In those cases in which the animal has died after a bad attack, especially if tetany has been severe, decided changes are found in the muscles; this was first noticed by Thos. Wilson in 1922 who described it as gangrene of the gastrocnemius. The affected muscles show an appearance of dry necrosis, there is extravasation of blood between the fibres, some of which are swollen, and other fibres have lost their normal striation. The kidneys and bladder often show small haemorrhages.
The treatment of these cases to-day confirms the contention that the disease is a hypocalca3mia. The benefit of intravenous injections of calcium chloride in 10% solution is almost immediate; the animal improves during the injection and a few minutes after can sit up without support, and in a short time, in some instances only a few minutes, get on to her feet and walk.
My method now is to inject, as slowly as possible, into the jugular vein 100 to 200 c.c. of the 10% solution, according to the size of the cow and severity of the case, I very rarely give more than 250 c.c.
In 1924 when I first started this line of treatment I was strongly warned against the chance of producing hypercalcaemia. Consequently I started using what I thought was sufficient to raise the serum calcium from 5 mgm.% which is about the average in milk fever, to about 7 mgm.% which is the danger line; although this small amount always gave improvement there were relapses, so I have gradually increased my dosage. There does not appear to be any fear of causing trouble by a hypercalcaemia, for it is found that 150 c.c. of a 10% solution of calcium chloride can be injected intravenously into a normal cow without producing untowa.rd results (Peskett).
In practice I find it advisable to inflate the udder after giving the intravenous injection. This reduces the tendency to relapses-which, owners, who are all conversant with the inflation treatment, do not like.
The giving of parathyroid extracts, irradiated ergosterol, or cod-liver oil is not at present recommended as a curative or prophylactic, unless calcium salts are given at the same time, for although they might relieve the symptoms or prevent an attack, they may do so at the expense of the skeleton and would render the animal more liable to attacks in the future.
Hypocalc,vmia in puppies.-What are generally termed "puppy fits " are, I think, very often convulsions due to a hypocalcewmia and resemble spasmophilia in children. Unfortunately I have not been able to have any blood determinations for calcium made on these cases, but I find that a subcutaneous injection of colloidal calcium generally relieves the puppy, and a proper diet and attention complete the cure.
Mr. 0. Stinson: In Westmorland there are two deficient soil areas: (1) Limedeficient. (2) Phosphorus-deficient.
(1) Lime-deficient area.-Lambing sickness (now known as an acute hypocalcaemic condition) is common.
Method for the prevention of lambing sickness: (a) Feeding hay during the winter, in addition to grass. (b) Taking the sheep down from the deficient area (on the hills) to the less deficient lowlands, several times for a week during the winter.
(2) Phosphorus-deficient area.-Symptoms of aphosphorosis are seen in all cows after calving, and sometimes in cows during the last three months of pregnancy. It is noteworthy that there is an excess of lime in this area, and here lambing sickness is unknown. Post-Parturient Dyspepsia. Synonyms.-Slow fever, low fever, storr, yellows, etc. Definition.-A deficiency disease having an associated (secondary) acetonmmia. Occurrence.-A disease more particularly of the North of England and Scotland (as observed in the British Isles). Animals affected.-Bovines. The disease occurs in the great majority of cases from six days to eight weeks after calving and occasionally during the last two months of pregnancy. Commonly the first attack is after the third calf, but it is met with after the first. Occurrence is almost invariably during the winter time when the cows are indoors, and then mostly towards the end of the indoor season, i.e., April. Frequently recurs after subsequent parturitions.
.,tiology.-The designation "post-parturient dyspepsia" is a misnomer. More recently it has been associated by Hudson with retention of uterine fluids.
When the condition arises soon after parturition the natural discharges from the uterus are retained, but the author has satisfied himself that the association is secondary, since the discharges arc in evidence with the specific treatment which is to be described. The disease may be seen associated with a catarrhal metritis, but the resulting auto-intoxication acts, in these cases, only as an aggravating cause in that calcium and glucose are used up, although they are urgently, and directly, needed for the cure of the primary condition. Primary cause.-A deficiency during pregnancy or lactation. Secondary cautses.-Factors which speed up oxidation or which lessen the supply of oxygen, viz., high protein diet, exercise, cold, excess of carbon dioxide in the atmosphere.
Symnptomatology.-Three forms.
(1) Subacutte form-which may merge into the epileptiform type. Anorexia, constipation: temperature from 1010 to 1040; micturition in small quantities; emaciation; an odour of acetone from the body; tail sometimes held tightly between legs; diaphoresis (more or less); suggestion of pica; stiffness of limbs on walking; moaning in some cases, suggestive of a mental or nervous condition since pain is absent; frequently partial paraplegia of the hindquarters; suggestion of icteric membranes; the relatively high milk secretion is out of proportion to the severity of the symptoms.
(2) Nervouts formz.-Acetone odour from the body; constant licking of a leg or the wall, sometimes accompanied by salivation.
(3) Epileptiform type.-May be epileptiform fits of sudden occurrence. Treatment.-Subacute form in the lactating animal. Milking once a day only will cure this condition in from a week to ten days. In the treatment of the average cow all secondary causative factors may obtain as usual, provided that the deficiency is being rectified by the above treatment. In a serious case, obviously, these secondary causes must not be permitted. Nervouts form.-Inflation of mamme, followed by milking once a day for a week or more. Secondary causative factors can obtain.
Epileptiform type.-Inflation of mamme, followed by milking once a day for a week or more. Secondary causative factors can obtain.
In the pregnant animal secondary causative factors are removed, and 4 lb. glucose administered per os daily if necessary, as long as pregnant.
Similarities between milk fever and post-parturient dyspepsia. The first attack is usually after the third calf in both diseases. By lessening the milk yield by inflation of mammme in milk fever, and by milking once a day in post-parturient dyspepsia, the condition is cured.
Refraining from milking for forty-eight hours immediately after parturition usually prevents milk fever.'
High protein feeding is a factor concerned in causation of both. Chloral hydrate alleviates the symptoms in botb diseases. Both diseases tend to recur after subsequent calvings.
Dr. R. H. Paramore asked how, if hypocalcomia was the essential condition of "milk fever," and was itself due to a parathyroid deficiency, the parathyroid deficiency was to be explained? Why should the parathyroid go wrong in the best type of milking cow, the one that should yield the greatest amount of milk and was, as a rule, a massive beast? This incidence, which simulated so remarkably closely that of eclampsia in woman-the occurrence of the disease especially in the best physical type of individual-brought the two diseases into line.
Thus milk fever, of extraordinary interest in itself, was of considerable importance to those interested in eclampsia. It was the mammary conception of eclampsia, a view based on veterinary experiences with milk fever, which had led him, the speaker, to a study of the literature, though he had not seen a single case. The remarkable statement-which at first reading seemed an incredible story-was that pumping up the udder with a bicycle pump caused in the great majority of cases the rapid restoration of the animals affected, a large percentage of which would otherwise have died, and did so often very rapidly, even within twenty minutes. How could it be explained ?
Bredo's paper (1909) opened the door to a new conception of the disease. It was stated that from 30 to 35 litres of milk could be expected from cows liable to or which became stricken with the disease, whilst the volume of the blood was only 45 litres. Bredo attributed the disease to a hyposerohEemia, but the argument led the speaker to question where the-fluid, &c., for the milk came from. The answer was that it cotuld only come from the intestinal tract and thus through the liver. It was thus clear that in these animals a greater flow of blood through the liver than in cows remaining normal had occurred, and the conception of a contamination of the systemic blood with insufficiently changed portal blood as the essential cause of milk fever arose.
How, then, did mammary inflation act? It had been stated that Auger had shown that no rise of blood-pressure occurred as the result of the inflation. But it was a physiological fact that closure of a bed of capillaries invariably raised the blood-pressure. If Auger had been unable to find a rise of blood-pressure-which other authors stated occurred-it could only be that the blood had been forced to flow more freely through other channels. The argument pointed to the kidneys being affected in this way.
The remaining question was: How did the calcium therapy work ? He, the speaker, accepted Professor Greig's results: but how were they to be explained ? The paper by Lamson, Minot and Robbins, in which it was stated that the administration of calcium mitigated or prevented the effects of poisoning by carbon tetrachloride in dogs, indicated that the drug-the calcium-acted by affecting the liver. It was stated that lack of calcium causes a paresis or paralysis of tissue cells: thus, in milk fever the liver cells, as other tissue cells, must be disturbed. lf calcium cured milk fever, it seemed to the speaker that it must do so by stimulating the liver cells-perhaps also kidney cells-to greater activity, whereby the auto-intoxication, which appeared to be the essence of milk-fever, righted itself, so that the animal regained consciousness, was soon able to stand, and rapidly became well.
Professor G. H. Wooldridge said he could assure Dr. Paramore, who appeared to be rather sceptical about the startling changes from deep coma to consciousness and apparent recovery occurring in these cases of milk fever under certain lines of treatment, that he had himself frequently observed these remarkable changes in from 15 to 20 minutes. He instanced particularly a milch goat that had kidded in May and had been in regular heavy lactation up to the time of the dairy show in October, at which she was to compete. On arrival she appeared rather tired and exhausted, and this was thought to be due to the long journey (250 miles). In the course of the next two or three days she became considerably weaker and her milk-yield rapidly diminished. On the third day she became semi-comatose and seemed about to die from exhaustion-in fact, be, Professor Wooldridge, had given up all hope of her recovery. As a last resort and more as an empirical measure than otherwise, he inflated her udder, and in fifteen minutes she regained consciousness, raised her head and took a small piece of cabbage in her mouth. She was not at that moment able to feed, but in less than half an hour she had actually masticated the cabbage. This amazing recovery was directly comparable with these cases of milk fever occurring soon after parturition. A case like this made it difficult to believe that calcium deficiency was the primary cause of the trouble, because inflation in this instance could hardly restore the calcium balance at such remarkable speed when there had been little or no lactation for several days. With regard to Professor Greig's view that hypocalcaemia was the primary cause of milk fever, he, the speaker, was not yet convinced, although he accepted, witbout hesitation, that such a deficiency existed in milk fever. He believed that it was a result rather than a cause of the condition, especially in view of the fact that inflation of the udder produced more spectacular and more consistent results than did the administration of calcium salts by any channel. His own opinion was that the condition would ultimately prove to be a neurosis.
Dr. J. T. Edwards said he had found, on inquiry from the Imperial Dairy Expert, that milk fever was not unknown in India, although the milk yield of indigenous cattle was low, suggesting that the disease was not restricted to breeds of Western cattle evolved for high milk production. With regard to Mr. Stinson's view that the disease was prevalent on soils deficient in lime, it was his impression that in localities, where the mineral deficiency was known to have caused severe outbreaks of osteomalacia among livestock over long periods, such as had been recorded by Per Tuff (1923) in Norway, the abnormal occurrence of milk fever had not been stressed. It seemed to him that if milk fever was due simply to a lack of calcium in the diet, it would become prominent as a local cattle affliction before a state of soil deficiency was reached that would bring about the severe constitutional disturbances seen in osteomalacia. He had, as a veterinary worker, some difficulty in accepting the view put forward by Professors Greig and Dryerre that the pathology of milk fever could be wholly explained on the basis that it was a hypocalcaemia. This theory that the disease was somehow connected with a disturbance in parathyroid function and calcium metabolism had been put forward by them (1924, 1925) before they had obtained the impressive collection of experimnental evidence which they had recently obtained to support it. Meanwhile, for a time, the hypoglycaemic theory had held the field. This theory seemed credible from the researches of the Swedish workers, Widmark and Carlens (1925), who found lowered blood-glucose values in lactating cows, temporary hyperglycaemia after udder inflation, the onset of symptoms like those of milk fever after insulin injection, and rapid recovery from natural attack of milk fever after intravenous injection of glucose. These findings seemed corroborated by Auger (1926), of Lyons, and received the support of no less an authority than Macleod (1926) , who observed in a depancreatized bitch after parturition the onset of acute hypoglyceemia, with symptoms like those of bovine milk fever; this recalled the earlier observations of Bert (1884) and Porcher (1909) upon hyperglycaemia, with diabetes, after udder ablation. It was soon found, however, by the Moussus (1926), in France, and American workers (Hayden and Sholl, 1924; Hayden, 1925; Fish, 1S27, 1928) that in natural attacks of milk fever there was usually no hypoglyceamia but, on the other hand, often a well-marked hyperglyeaemia, and that the increase in blood-sugar caused by udder inflation was due to a reabsorption of lactose from the udder. It must now, therefore, be admitted that the hypoglycaemic theory had not been substantiated. Yet, though the existence of a state of hypocalcemia in milk fever had been confirmed by other workers (Little and Wright, 1925; Sjollema, 1928; Fish, 1929) , the probable mechanism of the immediate cure by udder inflation in the cow during an attack, when udder secretion seemed to be in abeyance, and the reported rapid recoveries after intravenous injection of glucose, or, as had been mentioned by Professor Wooldridge and Mr. Stinson, the less dramatic recoveries after the older method of treatment, with chloral hydrate, suggested that milk fever might be a complex process in which the observed hypocalcemia was only a component or concomitant phenomenon.
Mr. A. L. Bacharach said that those who questioned the causal connection between hypocalcaemia and milk fever had not justified their doubts. Apparently all present agreed in accepting a statistically valid association of the two conditions, for Professors Greig and Dryerre had furnished incontrovertible evidence on that point. Hypocalcemia might be due to one or more of a number of different causes; the method of prophylaxis or cure must consequently vary. In experimental work on rickets, hypocalc,%mia was susceptible of treatment by calcium therapy (subcutaneous or oral), phosphorus therapy, vitamin administration, parathyroid administration, irradiation, or even ingestion of ammonium chloride. It was perfectly possible for actual or potential hypocalcemia to be the fundamental cause of milk fever, and yet for different dietary and other environmental factors or even pathological conditions to have caused the hypocalecemia. That was probably why cases of milk fever did not invariably respond to calcium therapy, for example.
Moreover, an excessive hypercalcsomia was practically impossible to produce in normal subjects (cf. Stewart and Haldane; Havard and Hoyle; and others) , and this was only to be anticipated on physico-chemical grounds. Methods which failed to increase normal blood-calcium more than from 10% to 20% might have a far greater effect in severe hypocalcemia.
Professor Greig, in reply, said that whatever work he had done in the investigation of milk fever had been done in conjunction with his colleague, Dr. Dryerre.
The symptom of tetany was common in milk fever, but in a number of cases the symptom did not occur, or was manifested in so mild a form that it was not observed.
Unlike Mr. Little and Mr. Stinson, he had so far failed to find any constant correlation between dietetic factors and the occurrence of the disease. Since the cow contained in her bones much greater supplies of calcium than were required by the soft tissues at any given time, one had difficulty in conceiving how dietetic de8ciencies could play any important part in the causation of the disease. In his conception, the fault lay not in an absolute deficiency of calcium in the body, but in the inability of the calcium-regulating mechanism to mobilize quickly enough from the bones the calcium requisite for the needs of the soft tissues during the crisis represented by the onset of lactation.
Mr. Stinson's reference to the use of chloral hydrate in the treatment of milk fever previous to the discovery of mammary inflation, raised an interesting point. There was a consensus of clinical opinion that this treatment was of distinct value, although the administration of large doses of a powerful narcotic to a comatose animal seemed quite irrational, and therefore the effect of chloral hydrate on the concentration of blood-calcium called for investigation.
He understood Dr. Paramore to suggest that the cause of the disease might be found in central necrosis of the liver, which had been shown by Lamson, Minot and Robbins to be associated with calcium deficiency. The rapidity and completeness of the recovery following mammary inflation or calcium injection, however, seemed to negative the view that the pathology of the disease was intimately associated with organic damage.
Dr. Edwards had mentioned that it had been reported to him that milk fever was not uncommon in India among cows possessing poor milking qualities. That did not correspond with his, the speaker's, information. He understood that the disease was very rare in India.
The hypoglycaemic theory, which was introduced by Neefs in 1923, was very attractive, and had been supported by numerous authorities, including Widmark and Carlens, Porcher, and Auger of Lyons. Although it was impossible to discuss the matter at that time, he had no hesitation in stating that, in consideration of all the experimental evidence, the hypoglycsemic theory could now be definitely abandoned.
Professor Wooldridge had described a case of " delayed" milk fever in a goat which had kidded five months previously. The milk secretion had markedly diminished, and shortly before the onset of the symptoms the animal had been travelled for some distance by road. That last observation was of considerable importance, as he, the speaker, had previously noted that forced exertion appeared to play an important part in precipitating attacks indistinguishable from parturient milk fever in both cows and ewes at various periods throughout lactation. These attacks also responded promptly to mam-mary inflation, and their pathology was presumably closely allied to, if not identical with, parturient milk fever.
As had been mentioned by another speaker, lactating cows at grass were frequently attacked by a condition indistiniguishable from parturient milk fever, and these cows also responded promptly to mammary inflation. These attacks, in almost every case, had occurred during cestrum. He, Dr. Greig, entirely agreed with this observation. In another place he had pointed out the association of cestrum with the condition and had offered as an explanation the fact that ovarian secretion was known to be capable of lowering the concentration of blood-calcium.
Professor Wooldridge had said that we were not yet near the solution of the actual cause of milk fever. With that statement he, Dr. Greig, both agreed and disagreed. He believed that, upon the evidence submitted, it was justifiable to conclude that the immediate cause of the attack was an acute hypocalcaemia. He could not, however, do more than offer a plausible explanation of the cause of this hypocalcemia. There was no experimental proof that it was due to one cause or to another, but if he had been able in this discussion to produce incontrovertible evidence that the cause of the hypocalcmmia was, say, parathyroid deficiency, they might reply: " Agreed, but what is the cause of the parathyroid deficiency ?" If he then were able to produce unassailable evidence that the parathyroid deficiency was, in turn, due to deficiency of vitamin X, they could say: " Agreed, but what is the cause of the vitamin X deficiency? " He was content to take one step at a time. He believed that, in consideration of all the evidence, the essential pathology of milk fever had been demonstrated in an acute hypocalcaemia. The investigation of the causes of that acute hypocalcwmia lay in the future.
Professor Dryerre, in reply, said it was undoubtedly the case that inflation of the udder produced a rise in the blood-calcium. This had been experimentally demonstrated by Greig and himself on lactating ewes, and it had been observed by blood examinations on cows recovering from milk fever, which had been treated only by mammary inflation. The question had been raised as to the source of this calcium. It would be premature at this st,age to say definitely that it came from the mammary gland cells, but an observation made by Hayden and Fish was at least significant. They found that after inflation of the udder lactose was present in the blood, and there was none there before inflation. It was a specific function of the mammary cells to manufacture lactose, and if it were possible to " squeeze" this product back into the circulating blood, it was conceivable that the accumulated calcium might suffer a similar fate. The question had been raised as to why the injection of calcium salts brought about recovery, even when the blood-calcium content was still much below normal. In his opinion this was due to the sudden accession of calcium to the blood. It was the steepness of the gradient of application which was effective, rather than the absolute amount of calcium present. He instanced the analogous condition in the application of an electrical stimulus to an irritable tissue. A slow, gradual increase in the strength had no effect, whereas sudden small steps produced a response. One speaker had remarked that he knew of cows suffering from osteomalacia, and wondered why they did not develop a condition like milk fever if this were due to a calcium deficiency. He, Dr. Dryerre, would point out, however, that in osteomalacia there was no deficiency in the blood-calcium. With regard to the hypoglycmumic theory, he considered that this had now outrun its usefulness. His own findings, in accordance with that of most other workers, had shown that in milk fever the blood-sugar content might be above, below, or on a level with the normal, and bore no relationship to the severity of the condition. He suggested that the curative effect of the injection of glucose might bear some relation to the known property of glucose solutions of increasing the solubility of calcium compounds.
